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Job i, build j:
Slave 1; timeft1,i2] CPU.2, mem:20Mb, net:300MB/s .time:jin,tm] CPU:2, mem:100Mb, net.200MB/s, 10:260iops

Slave Z: time[t1,12] CPU.2, mem:220Mb, net:300MB/s .uime:ftn,tm] CPU:2, mem:100Mb, net:10MB/s, 10.27010ps

Slave N: timelt1,t2] CPU:2, mem:200Mb, net:300MB/s time:[tn,im] CPU:2, mem:100Mb, net:20MB/s, 10:280i0ps
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1

PRIORITY SWITCHING BASED ON
RESOURCE USAGE PATTERNS

TECHNICAL FIELD

The present disclosure relates generally to distributed
processing such as that used for continuous ntegration (CI)
or continuous deployment (CD) of computer program code.
More specifically, but not by way of limitation, this disclo-
sure relates to providing a user interface for managing the
priority of builds 1n a distributed processing environment,
where the user interface 1s continuously tailored to current
usage patterns.

BACKGROUND

In CI and CD server environments, a user can “own”
multiple builds 1n a scheduled builds queue. A “build” 1s an
execution of a specific job such as an application test or an
application update. Once a user’s builds have been submit-
ted for execution and prioritized, the user cannot change the
scheduled priority of her or her builds unless the user
“owns” all of the builds 1n the system, because such a change
might adversely aflect other users. For example, 11 the user
were to unknowingly change the priority of his or her own
builds so that a job requiring four slave servers 1s newly
prioritized more highly than a job requiring two slave
servers, other users” builds 1n progress would be adversely
impacted because computing resources would suddenly
become more constrained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 a block diagram of an example of a system that
provides priority switching based on resource usage pat-
terns.

FIG. 2 1s a block diagram of another example system that
provides priority switching based on resource usage pat-
terns.

FIG. 3 1s an example workload pattern vector as would be
used 1n a system that provides for priority switching based
on resource usage patterns according to some aspects.

FI1G. 4 1s a flowchart of an example process for providing
priority switching based on resource usage patterns.

FIG. 5 1s a flowchart of another example process for
providing priority switching based on resource usage pat-
terns.

FIG. 6 1s an example GUI for priority switching based on
resource usage patterns according to some aspects.

DETAILED DESCRIPTION

In CI and CD server environments, a user can “own”
multiple builds 1n a scheduled builds queue. A “build™ 1s an
execution of a specific job. A “job” 1s a set of pre-defined
instructions for accomplishing some task, such as an appli-
cation test or an application update. In typical CI and CD
server environments, once a user’s builds have started
execution and been prioritized, the user cannot change the
scheduled priority of her or his builds, because such a
change might adversely aflect other users’ builds. In order to
allow a user to prioritize or reprioritize builds during execu-
tion, it may be desirable to provide a mechanism that
confines user-prioritization to situations where fairness to
other users can be maintained.

Some examples of the present disclosure overcome one or
more of the 1ssues mentioned above by providing such a
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mechanism 1n the form of an interface that allows a user to
switch his or her build priorities 1n any server environment
where builds are distributed across servers, even after execu-
tion has begun. The user’s ability to re-prioritize builds 1s
limited to a group of builds as determined based on resource
usage patterns of servers to which the builds are allocated.
The builds 1n this group may be referred to herein as
“user-prioritizable” bulds. The interface displays at least
these user-prioritizable builds in progress, but optionally
may also display other builds 1n progress.

Some examples of the present disclosure avoid processing
disruptions in a server system while also providing the
ability to a user make prioritization changes after the pro-
cessing of jobs has begun. As an example, a processing
device 1n a system can allocate jobs across servers. The jobs
involve execution of multiple builds on the servers. The
processing device can also store a workload pattern vector
that includes resource usage patterns corresponding to the
jobs and the builds. Each resource usage pattern indicate
how computing resources are consumed by a server to
execute a respective build from among the builds. The
processing device can determine, using the workload pattern
vector, statistical indicators corresponding to the jobs. Each
respective statistical indicator represents a statistical mea-
sure of resource usage for the builds for a respective job. The
processing device can then display, based at least in part on
the statistical indicator, a list of builds including at least
some user-prioritizable builds from among the bulds 1n
process. The user can provide input directed to prioritizing
one or more of the user-prioritizable builds and the process-
ing device can prioritize in response to the user mput.

In some examples, a processing device can allocate builds
across servers based at least 1n part on a desired hardware
specification for the servers and a number of simultaneous
builds permitted on each server. This information can be
accessed from a storage device or received through user
input. In some examples, the statistical indicator of resource
usage 1s a standard deviation of a median of statistical
distance between the resource usage of builds 1n a set of
builds executing each job. As examples, the set of builds can
include all builds except the earliest build, or all builds
except the two earliest builds, all builds in the system, or a
combination of any or all of these. The statistical distance
can be determined based on sparse data from the resource
usage pattern of the workload pattern vector. Builds can be
determined to be user-prioritizable and displayed as such by
comparing the standard deviation of the median of statistical
distance to a threshold value.

These illustrative examples are given to introduce the
reader to the general subject matter discussed here and are
not intended to limait the scope of the disclosed concepts. The
following sections describe various additional features and
examples with reference to the drawings in which like
numerals i1ndicate like elements but, like the illustrative
examples, should not be used to limit the present disclosure.

FIG. 1 1s a system 100 that provides priority switching
based on resource usage patterns. More specifically, the
system 100 includes a computing device 102. Examples of
the computing device 102 can include a server, laptop
computer, desktop computer, or any combination of these.
The computing device 102 can execute computer program
code 1nstructions, or software as defined below, which
causes computing device 102 to perform the tasks of what 1s
known as a master server 1n a CI or CD server environment,
though at least some of the examples 1n this disclosure can
be used 1n any distributed build server environment. CI and
CD server environments are only examples. Software can
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include computer-readable instructions that are executable
by a processing device 104, such as program code 1nstruc-
tions 105. The system can be programmed 1n any suitable
programming language, such as Java, C++, C, Python, or
any combination of these.

In FIG. 1, computing device 102 includes a processing
device 104, memory device 106, an imput/output (I/0)
module or modules 110, and a random-access memory
(RAM) 140. A bus or interconnect 144 1s also provided to
allow for inter- and 1ntra-device communications using, for
example, I/O module 110. I/O module 110 can include a
network interface (not shown), which 1n turn communicates
with network 150.

Still referring to FIG. 1, network 150 connects computing
device 102 to servers 160a, 1605, and 160¢, to which builds
for executing jobs are distributed by computing device 102.
In a typical CI or CD environment, servers 160a-160c might
be referred to as “slave servers™ or “slaves.” Only three such
servers are shown in FIG. 1 for clanty of illustration,
although many such servers can be present. Each “slave”
includes a processing device, a memory device, I/O, and
other components similar to computing device 102 and other
typical computing devices.

In the example of FIG. 1, a workload pattern vector 168
including resource usage patterns for servers 160a-160c¢ 1s
stored 1n the file system of memory device 106. A job queue
169 including the jobs that are distributed 1n builds to servers
160a-160c 1s also stored 1n the file system of memory device
106. In the example of FIG. 1, cached information 170, such
as jobs, statistical indicators, lists of builds for display, or
other information used by system 100 may be stored in
RAM 140. In addition to connecting computing device 102
to servers 160a-160¢, network 150 also connects computing,
device 102 to user device 172, which may be a personal
computer, smartphone, tablet computer, or some other type
of client device. User mput can be received by computing
device 102 through user device 172. Additionally, a list of
builds 174 can be displayed to a user on user device 172.
This list of builds can include user-prioritizable builds and
user mput directed to prioritizing or reprioritizing builds can
be received on user device 172 and forwarded to computing,
device 102. User mput and display functions can alterna-
tively or additionally be provided through peripherals (not
shown) locally attached to computing device 102.

FIG. 2 15 a block diagram of an example system 200 that
provides priority switching based on resource usage pat-
terns. The system 200 includes the processing device 104
that can execute computer program code, also referred to as
istructions or program code instructions, for performing
operations related to providing priority switching based on
resource usage patterns. Processing device 104 1s commu-
nicatively coupled to the memory device 106. The process-
ing device 104 can include one processing device or mul-
tiple processing devices. Non-limiting examples of the
processing device 104 include a field-programmable gate
array (FPGA), an application-specific integrated circuit
(ASIC), a microprocessor, etc. The processing device 104
can execute one or more operations for allocating builds
across severs, determining resource usage patterns, storing a
workload pattern vector, calculating statistical indicators
and displaying lists of builds. The processing device 104 can
execute program code instructions 206 stored 1n the memory
device 106 to perform the operations.

Memory device 106 can include one memory device or
multiple memory devices. The memory device 106 can be
non-volatile and may include any type of memory device
that retains stored information when powered off. In some
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examples, at least some of the memory device can include
a non-transitory computer-readable medium from which the
processing device 104 can read instructions 206. A com-
puter-readable medium can include electronic, optical, mag-
netic, or other storage devices capable of providing the
processing device with computer-readable instructions 206
or other program code. Non-limiting examples of the
memory device 106 include electrically erasable and pro-
grammable read-only memory (EEPROM), flash memory,
or any other type of non-volatile memory. Non-limiting
examples of a computer-readable medium include magnetic
disk(s), memory chip(s), ROM, random-access memory
(RAM), an ASIC, a configured processor, optical storage, or
any other medium from which a computer processor can
read instructions.

The memory device 106 can also include one or more files
and one or more stored values. For example, memory device
106 can serve as a storage device for one or more statistical
indicators 207. A statistical indicator in this example pro-
vides a measure of resource usage. Memory device 106 can
also serve as a storage device for one or more lists of builds
208, including user-prioritizable builds. The list of builds 1s
typically presented to a user on a user device or a display
device (not shown). One or more workload pattern vectors
210 can also be stored locally in memory device 106. A
workload pattern vector 210 1n some aspects includes at
least one resource usage pattern for jobs distributed to
servers 212 and an example 1s shown 1n FIG. 3, discussed
below. Some of the builds for these jobs are listed 1n the list
of builds 208. Although FIGS. 1 and 2 depict a certain
arrangement ol components for illustrative purposes, other
examples can include any number and combination of these
components arranged 1n any suitable configuration.

FIG. 3 shows a portion 300 of a workload pattern vector.
The workload pattern vector takes the form of a line of data
for each slave, where the lines of data for slaves are grouped
by job and build. Portion 500 illustrates the portion of the
workload pattern vector for job 1, build 1. Each line includes
period-delineated sections, where each section lists the
resources held for a specific time interval. Resources not
used at all are not listed. For example, the first period-
delineated section for each slave shows a usage pattern
between times t1 and t2. In each case, the resources held for
this time 1nterval include a number of CPUs used, an amount
of memory used, and an amount of network tratlic occurring
in the time 1nterval. For the time interval between tm and tn
in each case, all those resources are held i1n differing
amounts, and additionally some input/output (I/O) resources
are held. The I/O resources are given in I/Os per second
(10ps). To monitor and ascertain these resources, a tool such
as a system activity reporter (SAR) can be used, at least for
Unix-based and Linux-based servers.

FIG. 4 1s a flowchart of an example process for providing,
priority switching based on resource usage patterns. In some
examples, a processing device (e.g., processing device 104)
can perform one or more of the operations shown in FIG. 4
to provide priority switching based on resource usage pat-
terns. In other examples, the computing device can 1mple-
ment more operations, fewer operations, diflerent opera-
tions, or a different order of the operations depicted in FIG.
4. Process 400 of FIG. 4 1s described below with reference
to components discussed above.

In block 402 of FIG. 4, the processing device 104 allo-
cates multiple jobs across multiple servers such as servers
160a-160c or servers 212. The jobs 1nvolving execution of
multiple builds. In block 404, the processing device 104
stores a workload pattern vector including resource usage
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patterns corresponding to the jobs and the builds. A resource
usage pattern indicate how computing resources are con-
sumed by a server to execute a build. The workload pattern
vector can be stored in memory device 106. In block 406,
processing device 104 determines, using the workload pat-
tern vector 168 or 210, statistical indicators for resource
usage. Each statistical indicator represents a measure of
resource usage for the builds of each respective job. In block
408, processing device 104 displays, based at least 1n part on
the statistical indicator, a list of builds including at least
some user-prioritizable builds from among the allocated

builds. The list of builds 174 can be displayed on user device
172.

As another example, a processing device 104 can perform
the operations 500 shown in FIG. 5 to provide priority
switching based on resource usage patterns i a CI or CD
server environment. In block 502 of FIG. 5, the processing
device recerves hardware specifications for the slave servers
and a number of simultaneous builds permitted on each of
the slave servers. The number of slaves required for a job 1s
also determined. These parameters can be retrieved from
memory or recerved through user input. For example, the
hardware specification may be a desired hardware specifi-
cation submitted by the user and the number of slaves to use
may also be requested by the user. In block 504, the
processing device allocates multiple jobs across multiple
servers using hardware specifications and a number of
simultaneous builds each slave server can run. The jobs
involve execution of multiple builds on the servers. In block
506, the processing device monitors the workload of all
slave servers. In block 508, the workload pattern vector 1s
stored. The workload pattern vector includes parameters
describing resource usage patterns corresponding to the jobs
and the builds as determined 1n block 506. These parameters
may include: (1) workload over time, for example, 1n terms
ol central processing unit (CPU) usage; (1) memory usage;
(111) storage space, (1v) network usage; or (v) any combina-
tion of these. The time taken to execute the job that i1s the
subject of the build may also be stored as a parameter.

Still referring to FIG. 5, in block 510 the processing
device determines, using the workload pattern vector, a
statistical indicator representing a measure of resource usage
for the builds of each respective job. In this example, the
statistical indicator used 1s a standard deviation of a median
of statistical distance (SDSD) between the resource usage of
builds 1n a set of builds executing each job. This distance
can, as examples, be calculated using sparse data derived
from the workload pattern vector in part by applying neigh-
borhood components analysis (NCA) or a large margin
nearest neighbor (LMNN) classifier. As examples, the set of
builds can be the set of all builds, the set of all builds except
the earliest build, or the set of all builds except the two
carliest builds. An “earlier” build 1s a build of a job that
began running sooner in time. In block 312, the SDSD ifor
cach job 1s compared to a threshold value. If the SDSD 1s
less than a threshold value for a job, current builds of that job
are displayed as a user-prioritizable build 1n block 514. User
prioritizable builds, as an example, can be displayed either
alone with other builds with appropriate indices for the user
to be able to select builds to prioritize or reprioritize. These
builds can be displayed as part of a displayed list of builds
such as list 174 on user device 172 1n FIG. 1. User input can
be received in block 516 regarding prioritization one or
more builds, and the processing device prioritizes or repri-
oritizes the one or more builds 1n response to the user mput

in block 518.
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Optionally, 1n addition to the above process, a partial run
of builds can be undertaken on underutilized slave servers to
develop and store additional workload pattern vectors. In
this way, resource usage pattern data can be established
without the influence of builds owned by other users and this
data from the underutilized slave servers can be stored for
future evaluation of the accuracy and performance of the
system.

FIG. 6 illustrates at least a portion 600 of a list of builds
as might be displayed on user device 172 of FIG. 1 1n a user
interface. Two users, user X and user y, have builds running
jobs 1n the system and this selection 1s being displayed to
user y. Each user has four jobs displayed in this part of the
list, job A, B, C, and D, and at least two builds are running
cach of these jobs. To the left of the listing of builds are
indicators that can be highlighted by the processing device
in the master server. Indicators 602 and 604 are highlighted,
indicating that these builds are prioritizable by user y. By
contrast, indicators 606 and 608 are examples of indicators
that are not highlighted, and thus the corresponding builds
are not user-prioritizable. In the case of indicator 606, job A,
build 1 1s not user-prioritizable because of the amount of
resources being used. In the case of indicator 608, the build
1s not prioritizable by this user because the build belongs to
the other user, user x. In some aspects, user y can click on
the indicator or provide some other user input to indicate the
intent to reprioritize one of the highlighted builds, which
would lead to a menu with various options to be selected,
such as cancel the build or exchange it for the other
highlighted build 1n terms of priority of the two jobs. The
processing device 1n the master server would then prioritize
in accordance with user y’s 1nput.

The list of builds shown in FIG. 6 15 just an example. A
system like that described herein might only display the
user’s builds to a specific user or might only display the
particular user’s prioritizable builds. At least some of the
examples 1n this disclosure are applicable not only to an
enterprise distributing builds internally, but also to a third-
party provider of distributed computing services. With such
a third-party provider, one user may not be presented with
another user’s builds as part of a list of builds to be
displayed.

A third-party provider’s system may be able to display
builds and jobs based on instances and task types. As
examples, mstances can include general purpose nstances,
compute optimized instances, memory optimized instances
and storage optimized instances. Task types can be defined
along the lines of services provided by the third-party
provider. As examples, these task types can include user
code uploaded to function as a service container, a machine
learning service with a known pattern, and an IoT analytics
service. A build in such a case 1s displayed as an instance, but
can be displayed as enabled for reprioritization 1 a user
interface similar to that shown i FIG. 6.

Unless specifically stated otherwise, it 1s appreciated that
throughout this specification that terms such as “operations,”
“processing,” “computing,” and “determining” or the like
refer to actions or processes of a computing device, such as
one or more computers or a similar electronic computing
device or devices, that mampulate or transform data repre-
sented as physical electronic or magnetic quantities within
memories, or other mnformation storage devices, transmis-
sion devices, or display devices of the computing platform.
The order of the blocks presented 1n the examples above can
be varied—dlor example, blocks can be re-ordered, com-
bined, or broken into sub-blocks. Certain blocks or pro-
cesses can be performed in parallel. Terms such as “above,”
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“below,” when referring to numerical comparisons can
encompass the concept of equality.

The foregoing description of certain examples, including
illustrated examples, has been presented only for the pur-
pose of 1llustration and description and 1s not intended to be
exhaustive or to limit the disclosure to the precise forms
disclosed. Numerous modifications, adaptations, and uses
thereol will be apparent to those skilled 1n the art without
departing from the scope of the disclosure.

The 1nvention claimed 1s:

1. A system comprising:

a processing device; and

a memory device including instructions that are execut-

able by the processing device for causing the process-

ing device to perform operations comprising:

allocating a plurality of jobs across a plurality of
servers, the plurality of jobs mvolving execution of
a plurality of builds on the plurality of servers;

storing a workload pattern vector that includes a plu-
rality of resource usage patterns corresponding to the
plurality of jobs and the plurality of builds, each
resource usage pattern indicating how computing
resources are consumed by a server to execute a
respective build from among the plurality of builds;

determining, using the workload pattern vector, a plu-
rality of statistical indicators corresponding to the
plurality of jobs, each respective statistical indicator
representing a statistical measure of resource usage
for the plurality of builds for a respective job among,
the plurality of jobs; and

displaying, based at least in part on the plurality of
statistical indicators, a list of builds including one or
more user-prioritizable builds from among the plu-
rality of builds.

2. The system of claim 1 wherein the statistical indicator
comprises a standard deviation of a median of statistical
distance between the resource usage patterns of at least one
set of builds for each job.

3. The system of claim 2 wherein the at least one set of
builds comprises at least one of, all builds, all builds except
an earliest build, or all builds except two earliest builds.

4. The system of claim 2 wherein the list of builds 1s
displayed at least 1n part by comparing the standard devia-
tion of the median of statistical distance to a threshold value.

5. The system of claim 2 wherein the median of statistical
distance 1s determined based on sparse data from the work-
load pattern vector.

6. The system of claim 1 wherein the operations further
comprise:

receiving user mput directed to prioritizing at least one of

the user-prioritizable builds; and

prioritizing the at least one of the user-prioritizable builds

in response to the user mput.

7. The system of claim 1 wherein the plurality of builds
1s allocated across the plurality of servers based at least 1n
part on a hardware specification for the plurality of servers
and a number of simultaneous builds permitted on each of
the plurality of servers.

8. A method comprising:

allocating, by a processing device, a plurality of jobs

across a plurality of servers, the plurality of jobs
involving execution of a plurality of builds on the
plurality of servers;

storing, in a storage device, a workload pattern vector that

includes a plurality of resource usage patterns corre-
sponding to the plurality of jobs and the plurality of
builds, each resource usage pattern indicating how
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computing resources are consumed by a server to
execute a respective build from among the plurality of
builds;

determiming, by the processing device, using the workload
pattern vector, a plurality of statistical indicators cor-
responding to the plurality of jobs, each respective
statistical indicator representing a statistical measure of
resource usage for the plurality of builds for a respec-
tive job among the plurality of jobs; and

displaying, by the processing device, based at least in part
on the plurality of statistical indicators, a list of builds
including one or more user-prioritizable builds from
among the plurality of builds.

9. The method of claim 8 wherein the statistical indicator

comprises a standard deviation of a median of statistical

distance between the resource usage of at least one set of
builds for each job.

10. The method of claim 9 wherein the at least one set of
builds comprises at least one of, all builds, all builds except
an earliest build, or all builds except two earliest builds.

11. The method of claim 9 wherein the list of builds 1s
displayed at least 1n part by comparing the standard devia-
tion of the median of statistical distance to a threshold value.

12. The method of claim 9 wherein the median of statis-
tical distance 1s determined based on sparse data from the
workload pattern vector.

13. The method of claim 8 further comprising;

recerving user input directed to prioritizing at least one of

the user-prioritizable builds; and

prioritizing the at least one of the user-prioritizable builds

in response to the user mput.

14. The method of claim 8 wherein the plurality of builds
1s allocated across the plurality of servers based at least 1n
part on a hardware specification for the plurality of servers
and a number of simultaneous builds permitted on each of
the plurality of servers.

15. A non-transitory computer-readable medium compris-
ing program code that 1s executable by a processing device
for causing the processing device to:

allocate a plurality of jobs across a plurality of servers, the

plurality of jobs involving execution of a plurality of
builds on the plurality of servers;

store a workload pattern vector that includes a plurality of

resource usage patterns corresponding to the plurality
of jobs and the plurality of builds, each resource usage
pattern indicating how computing resources are con-
sumed by a server to execute a respective build from
among the plurality of builds;

determine, using the workload pattern vector, a plurality

of statistical indicators corresponding to the plurality of
j0bs, each respective statistical indicator representing a
statistical measure of resource usage for the plurality of
builds for a respective job among the plurality of jobs;
and

display, based at least in part on the plurality of statistical

indicators, a list of builds including one or more
user-prioritizable builds from among the plurality of
builds.

16. The non-transitory computer-readable medium of
claim 15 wherein the statistical indicator comprises a stan-
dard deviation of a median of statistical distance between the
resource usage of at least one set of builds for each job.

17. The non-transitory computer-readable medium of
claim 16 wherein the list of builds 1s displayed at least 1n part
by comparing the standard deviation of the median of
statistical distance to a threshold value.
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18. The non-transitory computer-readable medium of
claiam 16 wherein the median of the statistical distance 1s
determined based on sparse data from the workload pattern
vector.

19. The non-transitory computer-readable medium of 5
claim 15 further comprising program code that 1s executable
by the processing device for causing the processing device
to:

receive user input directed to prioritizing at least one of

the user-prioritizable builds; and 10
prioritize the at least one of the user-prioritizable builds 1n
response to the user mput.

20. The non-transitory computer-readable medium of
claim 15 wherein the plurality of builds 1s allocated across
the plurality of servers based at least 1n part on a hardware 15
specification for the plurality of servers and a number of
simultaneous builds permitted on each of the plurality of
SErvers.

10
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